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This report will investigate the relevance of FMEA risk assessments in the engineering sector and discuss how effective they are. The risk assessments performed in this report will be specific to potential mishaps on vehicle assembly lines. 
To an engineer, risk assessments may seem arbitrary to undertake, but they are an effective way of evaluating a situation so as to recommend preventative measures. This will be for the benefit of the workers safety and additionally the company’s protection from legal cases. Risk assessments also decrease the chance of a mistake on the assembly line making its way onto the market; where it would have the potential to compromise the performance of the vehicle, and the safety of the customer.
[bookmark: _Hlk64498366]This technical report will show how hypothetical mistakes on an assembly line would be assessed and rated. In practice, risk assessments are undertaken by a single person, and therefore subject to that individual’s opinion. This report will be demonstrative of how this subjective method works. 
After showing the initial risk assessment for four points on the assembly line, measures will be suggested to lower risk, where possible, in those areas. A second risk assessment will then be shown to demonstrate how much the RPN would drop assuming these preventative measures are put in place. 
Finally, the positives and/or negatives of FMEA risk assessments will be discussed, and a conclusion on their relevancy in the engineering sector drawn.
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Risk management in the transportation sector is important to the manufacturer and the customer. It is important to the manufacturer as it improves the safety of the workers and the reliability of the vehicles they produce. This in turn improves safety for the customer. This reliability factor is, of course, also important to the customer. It is therefore in the manufacturer’s interest to be known for reliability and safety, as this will improve the customers desire for the vehicle. The method manufacturers use to manage risk is Failure Mode and Effect Analysis (FMEA) risk assessments. 
In the IMECHE codes of conduct there is a section which says that professional engineers should determine the amount of risk and reduce it where and whenever possible. (imeche, 2021). As a worker in an engineering setting, health and safety legislation will apply. These legislations are to protect workers. Legislation such as those shown below.

· Health And Safety At Work Act 1974 (HASAWA)
The HASAWA is an overarching health and safety act which embodies all of the regulations below. It is a standard which all workshop environments must meet for the safety of the workers. 
(H & S, 2021)
· Control Of Substances Hazardous to Health 2002 (COSHH)
COSHH regulation requires workshops to have proper storage for flammable, corrosive and slippery substances. This helps prevent fires and falls due to slippery surfaces.
(H & S, 2021)
· Lifting Operations and Lifting Equipment Regulation 1998 (LOLER) 
LOLER legislation requires that all businesses with access to lifting equipment ensure that the equipment is fit for purpose. Larger lifting equipment may require thorough periodic testing from a certified body and, records of such tests to be kept by the business.
(H & S, 2021)

· Manual Handling Operation Regulation 1992 (MHOR)
MHOR legislation covers any manual handling activity. This regulation requires workers to only manually handle objects withing their ability. This is to avoid injury. The general consensus is that the lifting limit for men is 25Kg and for women 16Kg.
(H & S, 2021)
· Prevision and Use of Work Equipment Regulation 1998 (PUWER)
PUWER is the same as LOLER except it applies to all other equipment. Such as torque wrenches, pliers and even hammers. 
(H & S, 2021)
· Portable Appliance Testing 1989 (PAT)
PAT applies to any and all portable electrical equipment. This regulation requires that all portable appliances are tested yearly by the proper certified body, and records kept by the business.
(H & S, 2021)
· Reporting of Injuries, Diseases and Dangerous Occurrences Regulations 2013 (RIDDOR)
RIDDOR requires records of when employees call in sick. Also, injuries and accidents that could have caused injury must be recorded by the buisness.
(H & S, 2021).
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Table 1 – Initial Risk Assessment
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The above table is a completed risk assessment. The severity ratings of each scenario are based on the potential danger that could result if the vehicle got to the customer with the fault. The likelihood of the vehicle leaving the factory with the individual faults is also considered in the severity. 
Brake calliper mounting bolts not torqued to correct level.
For example, if a vehicle were to leave the factory with loose, or vastly overtightened, brake calliper bolts. In this case, if the calliper were to come loose the vehicle could potentially lock the wheel due to the calliper being caught between the wheel and disk. This event would likely cause the vehicle to spin out due to drag on one side of the vehicle; possibly sending the car and driver into oncoming traffic. If this happened on a motorcycle it would likely flip or low side causing injury or death to the rider. This issue could easily leave the factory unnoticed as, if the bolts are just tight enough, it may be too subtle to spot. For this reason, loose calliper bolts get 10 for severity. The other severities are treated in a similar manner, in the sense that they cannot be higher than this scenario therefore it is used a benchmark for severity.
The checklist suggested in the ‘mitigating action’ section would decrease the opportunity for the workers to make this mistake, while being very cost effective.

Incorrect brake disk size installed.
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Figure 1 – Example of Calliper to Disk Tolerance 
Incorrect brake disk size was given a significantly lower severity rating of 6 and the likelihood of both occurrence and detection is just 1. There are a number of reasons why this issue is unlikely to occur and would most probably be identified quickly. Firstly, if the wrong diameter disk were fit, then the brake calliper would not fit due to a larger diameter. Similarly, if the diameter were too small, there would be an excessive clearance to the calliper. Also, if the disk offset were wrong, then the disk would never fit with the calliper. Figure 1 shows a correct set up and demonstrates clearly how it would be obvious if the disk size were incorrect.
The only way a wrong size disk could be fit is if the disk width were incorrect. If the calliper were able to be fit with a thicker or narrower disk, the car would still brake perfectly fine and may be able to leave the factory unnoticed. The only problem that may occur is the disk may warp due to being the wrong design for the car. The severity for this scenario could be lower but we cannot predict everything that could transpire. Such as, warped disks causing wheels to lock in wet weather. If this were to happen the ABS system should help reduce the danger, but if the car were coming into a corner the ABS might not be enough to properly protect the car and the driver.
The ‘mitigating action’ for this section is also cost effective while making it near impossible to select a wrong brake disk. This is because scanning the bar code can verify if it is the correct item for that particular assembly line.

Brake pads installed in wrong orientation.
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Figure 2 – Example of Proper Brake Pad Orientation
Brake pads installed with friction material facing the wrong way is not a particularly severe mistake. This is because the brakes would still work, but the brakes would have to be applied slightly harder than normal. Also, it is unlikely that a calliper would allow a brake pad to be fit the wrong way around. However, there are cases, such as that of the brake calliper shown in Figure 2, where the pads could be fit the wrong way around. But, in that case, the pads would not be properly held captive; causing a symptom which could be likened to worn, floating disks (a jiggling effect when brakes are applied stationary). In some cases, there are locating tabs on brake pads that will not allow them to be reversed, negating the issue. 
But if the pads were reversed, then when the brakes are tested in the factory the steel backs on the pads will cause loud screeching, as if the pads were worn out. This mistake would be very unlikely to ever leave the factory and if it ever did get to the customer, then the car would immediately be back at the dealership. However on the off chance a customer didn’t immediately notice the fault, the weak brakes mean a severity of 4 is given. 
As for ‘mitigating action’, in this section there are two options given. The retraining option could be effective depending on the attention span of the listener. This is the cheapest, most time saving and hassle-free option, besides simply firing the employee and hiring someone more competent. The second option is to redesign the callipers and pads to only be accepted into the calliper the correct way. This solution is the most effective but also expensive as it would require new castings for the callipers and a new design for the brake pads.

Brake line fitting not fully tightened.
A loose brake line would not be a big issue in the factory and would likely be discovered during the brake bleeding process, if not then the brake testing phase. During bleeding of the brakes, a loose brake line would let brake fluid out and air in. The leaking fluid should become obvious and if it does not, then the lack of brakes will. Similar to the above scenario, if this issue made its way to the dealership it could lead to weak brake issues. But with symptoms such as weak brakes, a spongy brake pedal and leaving oil behind wherever it has been parked, it has been given the same severity of 4.
Simply adding the brake line fasters to the torque check list, just like the brake calliper bolts, should reduce the likelihood of this happening to almost impossible. Double checking takes up more time, but everything has a cost.

[bookmark: _Toc56367832]‘Final thought’: a risk assessment is filled out by one person which therefore means that the ratings determined by this individual are subjective. Nevertheless, one person should be able to determine which hypothetical mistake has the highest risk or Risk Priority Number (RPN). The mistake with the highest risk is the priority to have the preventative measures met.
(Finance and performance department, 2011)
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Table 2 – Post Mitigating Action Risk Assessment.
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Brake calliper bolts not torqued to correct level.
Firstly, the severity has been kept the same because if the fault were to crop up again then the potential danger would stay the same. The chance of detection will also stay the same, as the mitigation does not increase the chance of detection. What has reduced is the likelihood of occurrence. This is due to the check list which would remind the engineer of the integral fasteners. If the list is followed properly then then this issue should not occur. If you refer to Figure 3 you can see the RPN has been halved.
Incorrect brake disk size installed.
The mitigating action for this scenario, using bar codes on the disks, would ensure that they are not mixed up. This means that even though it is extremely unlikely a wrong disk would be installed and go unnoticed; this helps reduce the chance even further. Possibly saving time in a case where a wrong disk were installed.
Brake pads installed in wrong orientation.
For this scenario, the RPN was the lowest to begin with, due to the low likelihood of the event. With the mitigating actions in place, it would be literally impossible to fit the brake pads wrong. Also, having the worker reminded as to how brake pads work will help.
Brake line fitting not fully tightened.
This risk is the second highest priority. Having brake line fittings on the check list should help further, and increase the chance of detection, lowering the RPN. After introducing the mitigating action, the risk in this scenario should be very low.
[image: ]
Figure 3 – Visual Aid for Comparison Between RPN of Risk Assessment 1 & 2
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When approaching risk assessments, you must consider murphy’s law: if it can happen it will. So, what can be done to reduce the chance of it happening? And, to reduce the severity of the outcome, if at all possible? In the case of the scenarios above there is not much that can be done to reduce the severity. This is because the mistakes made in these scenarios are only a potential risk to the customer, who ultimately will shake the faults from the vehicle. And as a manufacturer we are expected to supply the customer with a tested and faultless product. Therefore, as the manufacturer, the mistakes must not leave the factory. (Deaton, J, P (current) However Tesla was discovered to have flaunted some manufacturing mistakes in an attempt to better meet the demand. (Matousek, 2020)
FMEAs are an effective mode for mitigating risk. If you look at Figure 3 you can see that the biggest changes were made in the higher risk scenarios. this is because it’s harder to mitigate against a situation where there is minimal to no risk regardless. Scenario two and three could be mitigated against, but as the occurrence is low, and the detection is high, the only risks are disruptions to the assembly line. All that needs to be done to reduce these disruptions is to take the vehicle off the line and correct the mistake at a suitable time. For this reason, low risks are not cost effective to mitigate against, but it is still good to acknowledge the potential for disruption. 
Higher risks like the first scenario are to be taken seriously as there is a danger the defect could reach the customer. This could cause an accident which could injure the customer and cost the company money in lawsuits and compensation as well as damage their reputation. 
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Producing this report has given me the chance to demonstrate and expand on my knowledge and understanding of FMEA Risk Assessments and their effectiveness. 
I began the report by drawing on my knowledge of risk management in engineering, specifically in the transportation sector. Much of this knowledge I have gained through not only this degree but also my previous qualification in marine engineering. I expanded on this knowledge with additional research into risk management litigation, especially the IMECHE Code of Conduct for professional engineers.
Using this research and knowledge I then determined what I perceive to be fair rankings for the initial FMEA risk assessment of the four examples of potential failures. I then provided some justification for these rankings, along with suggesting a number of mitigating actions to potentially improve them. Here I used two images of my own vehicle components to aid in the clarity of my explanations and justifications.
I then went on to provide a secondary set of FMEA rankings which followed the assumption that these mitigating actions had been put into practice, again justifying their rankings. Following this, I supplied a bar graph to show a clear comparison of the FMEA rankings before, and after, introducing mitigating actions. This helps to show just how useful these risk assessments can be.
Finally, I used the analysis that I had undertaken through these four examples to draw conclusions as to the usefulness of FMEA risk assessments.
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(Figure 1&2: Images taken of my own vehicle components, to visually aid explanations)
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